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BIOLOGICAL EFFECTS OF NON-IONIZING
RADIATION —— :

IMPI is not, as one might imagine,
the pet name of Maxwell's demon. It ‘
stands for-International Microwave Power
Institute, an organization which con- .
cerns itself, in its own words, with
"non-information, non-communication
agplications" of microwave energy.

The impish exclusions would seem to

‘preempt the whole field. To. the chicken

in the microwave oven, the medium is
the message with a vengeance: ‘''get
cooked."

Not so, they assure us., "It's
(sic) fields of interest", continues
the background statement, "therefore
include all industrial applications
of microwaves, including microwave
heating, chemical and biological effects,
and advanced scientific and power trans-
mission systems using microwaves." A
large area indeed, and one within which
both scientific and technological con-
cepts are still mobile, The free flow
of information among all levels of in-
volvement, from basic research on lipo-
proteins to the marketing of plastic
bags, is thus vital. This is what the
IMPI sets out to promote through its
Journal of Mierowave Power and through
sponsorship of conferences that cater
to both scientific and commercial inter-
ests,

The 1-day seminar organized by
Prof, E.,H, Grant and Dr. R.J. Sheppard
(Queen Elizabeth College, Univ. of Lon-
don) and chaired by Prof. J.C. Gallagher
(Bradford Univ.) provided an example

of IMPI sponsorship. Exemplary it was,

and at the same time unique, being the
first such venture undertaken by the
newly opened (January 1980) UK office
of IMPI under the management of Mr.

‘Percy Giles., Some 60 people gathered

at a famous public (i.e., private)
school in Croydon, Trinity School, to
listen to seven lectures under the title
"Biological Effects of Radiowaves and
Microwaves." Three of the lecturers
sketched the physical princigles in
simple terms and addressed the question
of microwave safety standards seen 'in
the light of recent research. Two
speakers, themselves active in clinical
research and practice, reviewed their
chosen fields: one, the influence of
induced currents on wound healing;
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.the other, hyperthermia in cancer

therapy. Cooking, a more extreme form
of hyperthermia, also came into the
picture, though there was little biology
in the lecture on microwave ovens and
still less in the one that surveyed—
or rather, listed—industrial-heating
applications. . . : )

All ‘the talks were of necessity
geared to the motley qualifications
of the audience, Judged from the
listed affiliations, it included ap-
pliance manufacturers; gas, coal, and
electricity board representatives;
borough and county health authority
officials; food processors and retailers,
with a sprinkling of research students
and medical people., The aim was to
educate, and perhaps to reassure,
people whose business it is to be aware
of the uses and hazards of radiowaves
and microwaves. For this reason the
more thorough treatment that the sub-
ject has received at other gatherings
was neither possible ‘within a single
day, nor desirable. Those proceedings
have been duly reported (ESN 29-12:546;
31-11:433; 32-3:85; 32-11:363; 32-12:404;
ONRL Conference Report C-14-77)}; it .
is necessary here only to select points
illustrating new departures. The
clidical and industrial material in-
cluded little that would be new to
ESN readers.

The most significant development
since the publication of the articles
just cited has been a refinement of
safety standards recommended in the
United States and in Western Europe.
Adoption of these standards, embodied
in a draft directive for the European
Commission would of course make their
acceptance obligatory in the United
Kingdom, .

The experimental basis for the
recommendations was lucidly stated by
Grant and elaborated by F, Harien
(National Radiological Protection Board).
There must of course be acceptable
underlying principles, These are still
anchored to the idea that the dangers
of excessive exposure are thermal in
nature. .However, whereas originally
it was thought sufficient to stipulate
that a "perceptible" heat load should
not be greatly exceeded, several limitas
tions of the ability to perceive poten-
tially injurious warming are now rec-
ognized, The new criterion is objec-
tive, with the aim of avoiding a_rate
of total power deposition, in the whole
body continuously exposed, greater than
about half the resting metabolic rate,
or 0,4 W.kg"!. This does not solve




the problem in practice, first because
it is very difficult to measure the
overall rate of absorption, and second
because it is necessary to know more
about preferential absorption at certain
body sites and about mechanisms of heat
dissipation.

Upon the foundation of this general
principle, the experimental data from
which the quantitative recommendations
for safe exposure limits have been de-
rived were given as being of three
kinds. Models or "phantoms" have been
built with internal structures having
electrical and thermal properties re-
sembling those of the human organs, and
the patterns of heating have been meas-
ured as a function of various parameters.
Similar measurements have been made
on small live animals and attempts made
to extrapoliate the results to man.
Finally, in vitro study of the dielectric
properties of biological macromolecules
in aqueous solution is beginning to
furnish the molecular basis on which
any full understanding of radiowave and
microwave effects must rest.

The most important conclusion drawn
from these studies is not new, but it
is now more readily given quantitative
expression. It is that the heat load
and its spatial distribution must be
dependent on the frequency of the in-
cident radiation. At certain frequencies,
for instance, the body will behave as
a half-wave or quarter-wave antenna.

At others there will be internal reso-
nances, The depth of penetration will
be frequency dependent. Also at some
frequencies energy will be deposited
preferentially in the water immediately
adjacent to the cells and organelles

of particular anatomical elements.

The resulting picture is complicated,
yet, in the present state of knowledge,
sketchy. It is no simple task to arrive
at a set of safety rules that can be
recommended with any confidence. Harlen,
indeed, warned against undue refinements
which would make safety regulations
unworkable. The permissible exposure
thresholds that are being advanced by
the American National Standards Insti-
tute (ANSI)} for the time being, in mW
mN,cm~2, are: Up to 3 MHz, 100, falling
as 900/f? to 1 at 30 MHz; 30 to 300 MHz,
1; 300 MHz to 1.5 GHz, rising from 1
to 5; 1.5 to 30 GHz, 5, The European
Commission's values are slightly differ-
ent. They specify that threshold ex-
posures must not be exceeded when averaged
over any given period of 0.1 h,
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Inevitably, the possibility of &
quite different fundamental approach had
to be acknowledged. ESN readers know
that in Eastern-Bloc countries biochem-
ical, clinical and subjective signs of
disturbance associated with exposure to
microwaves are given greater weight than
calculations of heat load. Such dis-
turbances are said to be produced by
exposures far below those that engender
significant heat load and the permis-
sible exposure rates recommended on this
basis are correspondingly lower than the
ANSI standards. The Soviet occupat;og:l
standard, for instance, is 0,01 mW.ca
for continuous exposure to microwaves
during the working day, compared to the
S mN.cm~* based on heat load.

The meeting provided ample oppor-
tunity for mental doodling, and it was
interesting to reflect on the prevailing
attitudes to this long-standing dise
parity, as Dr, Servantie called it on
another occasion (ES¥ 32-3:88), Not
altogether irrelevantly I recalled St.
Paul's letter to the Romans and it oc-
curred to me that if he were to address
a gathering of scientists he might add
a third admonition to a minor variant
of the familiar two: "Abhor that which
has been shown to be wrong, cleave to
that which has been proved correct, and
preserve an open mind toward that which
is still uncertain.” The scientists
addressing the meeting obeyed all three
injunctions irreproachably. One cannot
fault a physicist for giving greater
weight in practical matters to arguments
from well-tried physical principles, if
at the same time he presses, as Grant
did, for further research on phenomena,
real or imaginary, for which satisfac-
tory explanations are at present lacking.
It is different for denizens of the
marketplace, who all too readily adopt
a condescending attitude. They evince
an amused, but hard-headed, disinclina-
tion to be influenced by neurotic com-
plaints and a distrust of anything
from politically unsavory sources. One
can only hope that the advocates of
dispassionate research will prevail.
(J.B. Bateman)
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COMPUTE
SCIENCE

COMPUTER TECHNOLOGY IN ISRAEL

Elbit Computers Ltd. is a company
of moderate size—some 1,500 employees,
mostly in and around Haifa. The first
part of the name of Elbit comes from
that of its parent company, Elron, an
Israeli holding company which owns 31%
of its stock. Half of the rest is
owned by CDC, a major American computer
manufacturer, and the other half by
the public (traded on the Israeli ex-
change). Elbit itself has some daughter
companies, one called Elrand (half owned
by Rand, a software company in Califor-
nia, and half by Elbit) and another :
called Eitech, of which Elbit owns 66%.
Elrand is entirely concerned with soft-
ware, and Eltech manufactures printed
circuits (but not chips). The second
half of Elbit's name is, of course,

a familiar buzz word in computers, but
its actual origin is from a Hebrew word
meaning "defense"; Elbit still does
about 60% of its business with the -
military and only 40% commercially.

I met with Rapahel Mor, Vice Presi-~
dent, Military Marketing § Operations,
and with Moshe Carmeli, head of the
Commercial Software Department, at :
Elbit's major installation (with half
of all its employees) in the Advanced
Technology Center in the southern sub-
urbs of Haifa. This advanced technology
center is much like the research parks
in many American cities. It was set

by the municipal government of Haifa,
with funding from the Israeli government,
for scientifically oriented industry.
It is 8 km from the Technion, Israel's
first engineering school, which is one
of its primary drawing cards; as in
the US, Haifa is in competition with
other cities in attempting to attract
desirable, research-oriented light
industry.

I asked Mor why Israel is in the
computer business, and he said that
computers represent a technology more
than a product, a technology which Is-
rael cannot afford not to participate
in., Thus, it is desirable for Israel
to market computer systems, and Elbit
wishes .to market them for reasons of
profit., Theoretically one should be
able to purchase all the necessary com-
ponents of such a system from other
manufacturers and then sell the com-
pleted system, but in practice an
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organization attempting to do so would
be at a significant disadvantage.
Elbit has been quite successful in
marketing such systems internationally,
and has sales offices in Britain, -
France, and Germany. They were in

the minicomputer business as early as
anyone—in 1967 was producing

a first-generation mini with 4k of
storage. The second-generation
computer, code named CR-17, came out

in 1974, and the present tﬁ1rd-gen-
eration computer, the PACT, has 128k
CMOS storage and 900 ns cycle time,

with a 600 ns option. A minimal sys-
tem weighs about 20 kg, and with CRT
terminal, communication controllers,
some peripheral storage, and agproprij
ate software, sells for about US
$§25,000, (People don't quote prices

in Israeli currency because their -
terrible inflation makes prices obsolete
in a matter of weeks). They prefer,
however, to sell a slightly more ex-
pensive minimal system including a
couple of 10-megabyte discs, a cougle

of floppy disks, a printer, severa
terminals, etc. They manufacture none
of these peripherals except the
terminals. :

Because of their relationship with
CDC, which is both technical and finan-
cial, their computers have been com-
patible with CDC software. The old
CR-17 model was in fact 501d in the
US under a CDC label, and a few are
still being sold to people who have
the appropriate software which they
don't wish to rewrite. The PACT is
widely compatible with CDC software,
but not with IBM software. The next
generation of Elbit mini's, a new and
more capable machine which will be
available shortly, will be fully com-
patible with IBM software, I was told
that the hardware of PACT itself was
virtually identical with that of the 3
CDC system 18, and that the Software 1
of PACT was completely compatible
except for about three instructions;
but the PACT is more compact and the
Elbit people felt that it was a better
computer,

Elbit sales totaled about $33
million last year, and will be bigger
this year, Almost 50% of this was
outside Israel, which is important
because of their need for foreign
currency. In their military work they
sell systems for weapon delivery,
navigation of combat aircraft, tactical
trainers, war games, ELINT (electronic
intelligence), and CCC {command,
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control, and communications systems);
in their commercial work they sell ~
iiber optics, antennas, RF components,
and computer software as well as hard-
ware. Finally, they manufacture ter-
minals at the rate of 400 per month,
sold either alone or with a minicomputer
which makes it a "smart terminal,”
These terminals are used to access a
large mainframe computer, usually IBM
or CDC,

There is remarkable internationality
in the manufacture of computers these
days. I noticed "Taiwan" on some of
the electronic components in the plug-
in units which constitute the heart
of the computer. Apparently the chips
which hold the computer logic are pur-
chased from/US manufacturers such as
TI and thén sent to Taiwan where they
are encapsulated in plastic before
being delivered to Elbit in Israel.

Carmeli, like so many people with
responsible positions in the computer
business, is a startlingly young man,
supervising 42 software people, of whom
about one third are doing continuation
work with the old system, one third
are doing development work with the
new system, and one third are in sup-
Kort (documentation and the like).

s indicated above, the old system uses
basically CDC software, while the new
system uses a good deal of IBM software.
Development implies, among other things,
an operating system (without which the
new system is unsaleable), and Il was
impressed by the confidence with which
Carmeli assured me that it would be
ready on time,

1 asked Mor why they did not devel-
op some computer systems for Israeli
banks and other commercial operations—-
I had noticed that bank service appeared
to be slow and inefficient. He assured
me that they would be happy to do so,
but that there was no demand for such
systems—primarily because Israel is
desperategy short of capital, and has
little incentive to develop capital-
intensive automated systems in the
commercial sector, Most of their sys-
tems are sold to the military, or to
foreign markets, where the availability
of capital is not so much of a problem,

g was impressed with the engineer-
ing competence at Elbit, and with the
performance of their product. I had
not expected that such a small country
could compete in such a business with
the industrial giants, but Elbit Com-
puters Ltd, appears to be doing very
well indeed. (Robert E. Machol)
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EDUCATION

EDUCATIONAL INNOVATIONS AT THE UK'S OPEN
URIVERSITY

Editor's Note: Earlier ESN articles
(23-10:276, 27-2:42, 32-6:207) described the
history, development, and operating policies of
the Open University. This article brings the
readexr up to date.

The Open University (OU), Great
Britain's unique innovation in higher
education, is located in Milton Keynes,
approximately 50 miles north of London.
Milton Keynes is the first of England's
designated "new cities" and was char- 1
tered so in 1965. It is currently a
rural area of 22,000 acres encompassing
12 or so villages. However, the city
is undergoing a planned development
with an expected population of 150,000
by 1990. When the city is developed,
the university will be on the outskirts.
In terms of sightseeing, Woburn
Abbey—home of the Duke of Bedford and
housing the largest game preserve
{including a “wild animal" park) in
Great Britain—is only a S-minute drive
from the university.

Part of my purpose in visiting the
university was to learn about its unique
educational approach and the educational
research being carried out in support
of that apgroach. The university has
certainly been successful., It was
chartered in 1869, and the first stu-
dents arrived in 1972, only eight years
ago. Today with an enrollment of 78,000,
it is one of the largest universities
in Europe. The goal of the university
as spccified in its charter is to
"provide opportunity at both the under-
graduate and postgraduate levels of
higher education to all those who for
any reason have been or are being ex-
cluded from achieving their aims through
an existing institution of higher educa-
tion." This charter, along with the
firm intent of providing academic st
standards equivalent to those of ex-
isting residential universities in the
UK, has provided the challenge to 0OU.

In meeting the charter requirement
of providing broad opportunities, the
university has taken several steps.

First, there are no prior education .
or testing requirements for entrance.

The only restriction, outside of cer-

tain quotas, is that enrollees must

be UK residents over the age of 21.

The age restriction is aimed at mini-

mizing the extent to which the OU
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wight attract students who would typic-
aily apply to more traditional univer-
sities. Thus OU can offer greater
opportunity to the working adult, Sec-
ond, tuition is low, an average of $200
per course, and only a token portion
of that tuition is required at the onset,
Students are provided a 3-month tri 1
period to see if they can cope with

the course along with their job and
family requirements. Only after that
trial period is the full tuition pay-
ment required, Finally, the courses
are designed for home study; there are
no undergraduate students at the OU
campus, Thus while there is a full
campus with research facilities at
Milton Keynes, there are no classrooms,
student facilities, or students., It

is truly a researcher's paradise and,
indeed, faculty members are expected
to spend fifty percent of their time
carrying out research programs. The
remainder of their time is spent in
course development.

Low-cost correspondence instruction
available to most people meets the char-
ter requirement, but is certainly not
innovative. The uniqueness of the
0OU system and the part which has resulted
in the achievement of high academic
standards is the course development
and delivery process, The money savings
from the reduced physical plant require-
ments and the time savings resulting
from the faculty members not having
to meet regularly with students have
been poured into the course-development
effort. The courses presented by OU
may be characterized as multimedia ones
involving intensive student involvement
and activity and providing ready access
to remedial and tutorial assistance,

A correspondence text authored by
0U staff members forms the core of the
course. The text is supplemented by
a 25- or 50-minute weekly television
broadcast over the BBC open airwaves
and may be further supplemented by
BBC radio programs or audiocassettes,
field and laboratory work, homework
assignments, practice examinations,
and a 1- or 2-week period of classroom
instruction at a neighboring university,
Thus, the media for a course may include
text, instruction through audiocassettes
and television, hands-on exercises,
as well as face-to-face tuition, The
specific combination of media will
depend on the specific course require-
ments as well as resource availability
(television time, total money require-
ment, etc,).
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The above multimedia approach is
backed up by assistance provided locally
at study centers. The OU has provided
over 300 Study Centers throughout the
UK, usually by renting space in the
evenings and weekends at local schools.
Each study center contains necessary
reference materials, equipment for,
carrying out special laboratory experi-
ments and computer terminals for both
instructional use and for some course
management, e.g., test scores. Most
importantly however, tutors who are
generally staff members at nearby uni-
versities are hired to work on a part-
time basis at the study centers. Every
student enrolled in an OU course is
assigned to a study center and to a
specific tutor at the center who serves
as a counselor, The primary task of
the tutors, however, is to serve as the
OU representatives for specific activ-
ities: administering tests, holding
group discussions, directing labora-
tories, and providing individual assis-
tance. At a study center there is a
tutor representative for each course
in which students from that center
have enrolled. Of course, a tutor will
represent more than one course if only
a few students are enrolled. On the
other hand, high enrollment will result
in the assignment of more than one tutor
to the study center, Before assuming
responsibilities, a tutor will have
reviewed the entire course and will have
been provided with an orientation
package from the course developers
providing guidance for specific seg-
ments of the course,

It is this approach, local learning
centers operating in conjunction with
centrally produced correspondence
materials, which is perhaps of greatest
relevance also to military training.
The military, like the OU, have “stu-
dents" widely scattered with many in
isolated locations. Also like the OU,
the military need to provide a variety
of training programs to these people.
As it now occurs, the training is either
strictly correspondence instruction or
strictly classroom instruction. The
OU has found that a combination of the
two approaches is more effective. The
correspondence approach reduces the
instructor requirement, which is of
considerable importance to the military
in these days of manpower shortfalls.
The study centers provide the oppor-
tunity for laboratory work (which is
even more vital in training courses)
and for individual remedial work,
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both of which are serious shortcomings
of the usual correspondence training.
The growing use of interactive computing
systems would eventually further reduce
and potentially eliminate the instructor
requirement.

OU students are expected to be
working adults and thus they may only
enroll in two courses at a time. There
is a guideline that courses should re-
quire approximately 14 hours of work
per week, inclusive of all course presen-
tations, homework assignments, and
expected student study requirements.

To maintain some control over the stu-
dent's pace of work, course materials
are mailed in segments (every four to
six weeks) and homework assignments
included in the course material have
specific deadlines for completion and
return to the university. Obviously
examinations also control the pace of
learning and the OU system involves
"“"continuous" assessment. Courses in-
volve frequent multiple choice, computer-
scored testing as well as essay testing
scored by tutors.

One of the early guidelines at
the OU, which has been substantiated
through later evaluation, was that with
the individual isolation resulting from
homestudy, the courses must be designed
to involve the student actively in his
coursework. Thus, there is an emphasis
on laboratory and field work., 'Home
experiment kits'" aré provided with
every science and technology course
and with many courses in the other fac-
ulties, The kits are designed to be
both interesting and challenging. For
a biology course a brain is issued to
each student for laboratory dissection.
A course on computers involves the
issuance of a microcomputer to each
student. For another science course,
each student is provided with a laser,
holographic film, and other equipment
necessary to produce a hologram.

More recently the University has
added the opportunity for classroom
instruction to supplement some courses
and provide further student involvement.
During the summer, OU staff members
are dispersed to universities around
the UK to give an intensive week of
full-time instruction in a traditional
university setting. The week is spent
in residence and attendance is required.
This approach is believed to develop
student camaraderie as well as to provide
exposure to and identification with
the university experience. It also
provides the staff members the oppor-
tunity to get back into direct teaching.
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Like the delivery system, the in-
structional development procedure demon-
strates the OU's .innovative approach
to education. A course is developed over
a period of three years by a team of
technical and academic experts. The team
varies in size from three people for a
small course to 30 for a major founda-
tion course. In addition to the subject-
matter academics, committee membership
may include BBC producers, educational
technologists, editors, and graphic de-
signers. A course '"by committee" sounds
initially like the process would be
chaos and the result a watered-down
curriculum by compromise., Chaos is
perhaps appropriate for describing some
of the efforts; however, the curriculum
is by no means watered-down, The OU
courses are of extremely high quality
and have received acclaim throughout the
UK. Many of tke course texts have been
adopted at other universities.

The success of the effort, I think,
lies in the interesting mixture of group
and individual efforts. After the
course strategy and course units have
been decided upon by the committee,
individuals (up to 3) are assigned to
prepare specific units in their areas
of expertise., They receive full author-
ship for their work, with their names
and sometimes their pictures being on
the unit texts. For producers there are

the normal credit presentations associated

with the showing of their television and
radio programs. Thus, the writers are
authors of textbooks and subject to

all the pressures and concerns of both
student and peer acceptance associated
with authoring. Indeed, the review
process is even more severe because of
the OU "committee" system. An author's
first draft is reviewed by all committee
members., Since all have an investment
in the course, the review is quite de-
tailed. The reviews are then thrashed
out in committee meetings (much like
being thrown to the wolves) before the
author is finally ready to write a
second draft. After all second drafts
have been completed the course is sent
to an outside consultant reviewer for
comments, The recently completed
Cognitive Psychology course, for example,
was reviewed by Prof. Don Norman from
the University of California, San Diego.
The result of this high-pressure system
is both a high-quality product and
severly worn nerves. The extreme effects
of the process on the individuals are
widely recognized. One study of the
system described authors as passing
through extreme mood changes as well
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as engaging in avoidance behavior like
psychosomatic illnesses and taking
"essential" trips as the due dates for
their drafts approached. The process

of arriving at decisions is chaotic.
Since it is a university setting,
academic staff members do have academic
freedom in preparing a course segment;
however, the committee has a responsi-
bility to establish a consistent approach
in the use of media and the instructional
strategy throughout the course. Thus
there is continuous negotiating, with
individual authors having some unspec-
ified degree of freedom to ignore com-
mittee decisions. While this course
planning process does not follow any
instructional-system development model,
it appears to be very successful as well
as traumatic, The very fact that ser-
ious attention is given to front-end
planning is itself unusual for an
academic course.

In addition to the review process,
the committee effort insures that ap-
propriate front-end planning is carried
out. An outline of the course is com-
pleted; learning strategies, e.g.,
didactic or discovery, are decided upon;
the use of the various media is identi-
fied; and the assumed entry skills of
the students are discussed and agreed
upon. The decisions are based on the
subject-matter expertise and curriculum-
development experience of the committee
members as well as on evaluation data
on the successes and shortcomings of
already existing related courses.

The development effort does not
end with the completion of the course
package. In some cases a course will

.undergo developmental testing, i.e.,

a closely monitored administration of
the course to a small group of students.
This formative evaluation process has

_%Eoygg very successful., Data documenting

e approach and the effectivness of
alternate strategies have been widely
published by members of the Institute
of Educational Technology. Unfortunately,
however, the process is expensive, and
therefore fewer courses are being
authorized funds for developmental
testing. For all courses, a maintenance
team is assigned to monitor the effec-
tiveness, attend to new developments
in the course topic area, and recommend
modifications or elimination of the
course when necessary.

A total of 28 full-year courses
and 90 half-year courses have been de-
veloped and are being presented by the
OU. This is roughly 75 percent of the
expected steady-state condition. The

courses have an averaye life expectancy
of 6 years and enrollment averages
about 1,500 per first year course and
400 for the other courses. The under-
graduate program includes courses in
the arts, social sciences, mathematics
and computer science, science, educa-
tion, and engineering technology.
While most of the emphasis is on the
undergraduate courses, there is s
growing emphasis on continuing educa-
tion. In addition to general-interest
courses, this program will offer many
professional courses for_the experienced
tradesperson or professional. ere
Is also a postgraduate program with
both master's and doctoral degrees
offered. There are, however, no
formal courses, but rather supervised
research and an individually designed
tutorial progranm.

The success of the OU program in
groviding stimulatinf distance teaching
as been great. As l said at the
outset, it is one of the largest uni-
versities in Europe. There are, however,
other indicators of success. Most
distance-teaching programs have high
initial enrollment but sustain a very
high dropout rate, The OU, with the
low tuition and a student body of
working adults, has surprisingly low
attrition. There is only a 25 percent
attrition during the trial period.
0f these.people who pay the full tuition
of approximately $200, 80 percent
complete the first course and 70 per-
cent complete the upper-level courses,
which I think is a very good record.

The interest in the OU system
expressed by other countries also
speaks well for the program, The OU
has assisted in setting up distance-
teaching programs in Israel, Iran,
and Pakistan, The OU courses have been
utilized in many other countries and
many of the texts have been translated
into Italian, Spanish, Dutch and Danish.

The great expense involved in
developing and delivering OU courses
is offset in large part by the savings
accruing from large course enrollment
and the multi-year life expectancy of
the courses as well as the previously
mentioned savings from not having to
provide a physical plant for a student
campus. Nonetheless the OU budget
this year for recurring expenses is
$110 million, 10 to 15 percent of
vhich comes fron student fees, More

stringent budgets, expected in the
future, have led to considerations

for ways to cut costs without reducing
quality.

Az its,
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The television production and pres-
entation budget has come under the most
fire in the economy move. The BBC
contract with the OU consumes 17 percent
of the university budget while it pro-
vides only 10 percent of the educational
materials. More significant than the
amount received per pound paid is the
concern over the effectiveness of the
BBC materials, The BBC is contracted
to produce 300 television and 300 radio
programs, each of 25 minutes duration,
every year. In addition, they are to
broadcast over open airwaves 30 hours
of television and 35 hours of radio
per week for 40 weeks. While the
programs are of the highest quality,
only 50 to 60 percent of the students
in a course view any one program. This
low viewer rate, while it can be ex-
plained, weighs heavily against BBC
when the financial ax is waved, The
low viewer rate has to do, in part,
with the broadcast times provided for
the programs—between 6:00 and 8:00
a.m, on weekdays and 7:00 a.m. to 2:00
p.m. on weekends. In addition, however,
the "openness" of the OU is a factor.
The OU cannot (or will not ) be restric-
tive in terms of an individual's finan-
cial condition or where he lives.

Since some people cannot receive the

BBC transmission or cannot afford a
television set, the TV programs must
always supplement the rest of the
course, In course assessment, questions
cannot be asked which would have required
TV viewing. Thus with students knowing
they will not be tested on the programs
and with the inconvenient presentation
times, there is little incentive to
view,

As has been described to me, how-
ever, the television programs have
played an invaluable public relations
role., Open University is known and
highly regarded throughout the UK
primarily through its television pro-
grams., This increases enrollments and
provides public support. In additionm,
however, the programs play an essential
role in the pedagogy of many courses.
Many science and engineering courses
would simply not be credible without
the capability of demonstrating complex
laboratory exercises (beyond what can
be done with the home-experiment kits).
In addition, the programs can signifi-
cantly contribute to arts courses in
presenting examples of artistic styles
in painting, architecture, and the other
visual arts as well as comparisons of
orchestras or musical instruments,
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The OU is monitoring developments
in videodisc technology for possible
cost savings in their broadcast systems.
For now, however, authors are being
encouraged to consider audiovision,
i.e., audiotape supplement to a graphic
text, as an alternative media. In
addition, audiocassettes are likely
to replace radio broadcasts in the near
future.

My stay at OU was with the Insti-
tute of Educational Technology (IET).
The IET was begun to provide educational
research and advice (service) for the
OU program. In a later article I will
describe the research work as well
as the practical experience in applying
research findings. As my description
of the OU system indicates, the univer-
sity is a potential panacea for the
educational researcher. Virtually
every research issue outside of devel-
opmental education can be addressed,
at least theoretically, with experiments
having high ecological validity.

(Thomas Duffy, Naval Personnel Research
and Development Center, San Diego, CA)

ACOUSTICS AT THE TECHNICAL UNIVERSITY
OF DELFT

The Technical University of Delft
has a modern campus at the edge of
town, It has about 10,000 students of
whom some 500 2arz in the Denartment of
Physics. My host for the visit was
Prof. A.J. Berkhout, head of the Acous-
tics Group in the Department of Physics.
The Acoustics Group has a permanent
staff of 7 professionals and, at this
time, 6 additional members who are
supported with government or industrial
grants, Berkhout's background is in
seismic work and he has written a book
on seismic imaging that is due to be
published this summer,

I arrived at an interesting moment;
undoubtedly it was not a very opportune
moment for Berkhout, but it was inter-
esting for me. Berkhout, with members
of his team, had been up most of the
night pumping chirped (frequency-modu-
lated) acoustic pulses into Delft's
brand-new concert hall., The hall had
been readied for the following week with
no less than the Queen coming down to
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open it with official ceremonies. At
the last moment it was discovered that
the acoustics were unacceptably poor.
Berkhout was brought in. He came with

his acoustic-pulse generator and digital-

recording equipment and programmed his
own friendly computer—and then used

a little magic. He discovered that

some wall coverings gave much too much
attenuation. Subsequent to my visit

1 heard that the whole operation had
indeed been most successful. When the
reflection coefficients were increased,
the acoustics improved and the concert
hall gave a good response, Berkhout
explained to me that the absence of
echoes is quite undesirable in a concert
hall, but that the actual desirable
reflective characteristics are different
for the different types of music or
speech, Since then, Berkhout has been
asked to consult on another concert hall
which is being built,

Berkhout and ir. J. Ridder discussed

the work of the Acoustics Group. A
considerable amount of effort is devoted
to echo acoustics where active systems
are analyzed that use what they call
synthetic-focusing and which they define
as a class of imaging techniques where

basic data is collected from a discretely

sampled aperture and processed by com-
putational means, usually digital, to
produce (reconstruct) an image. Such
techniques were discussed recently at

a conference in London, "Signal Proc-
essing in Ultrasonics" (ESF 34-4:206).

In some form or other, these methods

are used in seismic exploration on land
or offshore with towed arrays (ESN
34-4:179); in nondestructive testing
(ESN¥ 34-4:206); in medical diagnostics;
and in "synthetlc aperture radar™ ex-
cept that in this last application the
aperture is sampled continuously using
microwaves, The well-known CAT (compu-
terized-axial-tomography) scanner uses
this technique but the radiation there
is x-ray whereas here we are interested
in acoustics. Berkhout and Ridder use
ultrasonics, 1-10 MHz, for medical diag-
nostics. These relatively low frequen-
cies offer the advantage that the signal
may be digitized and recorded, retaining
phase information. During the recon-
struction stage allowances can be made
for unknown 1nhomogeneit1es in the
medium (i.e., variations in the velocity
of propagation). The calculations use
the “backward wave" method where the
received signal field which is known
over an aperture is projected back by

functions. These methods of sampling
the aperture use a large array of ele-
ments, where all elements are used to
receive, The transmitter also uses all
elements, but sequentially, one at a
time. A system has been simulated usin
short pulses (6 cycles/pulse) and a 256
element array. A paper describing this
work is about to be published. Experi-
mental work has been started in coopera
tion with the Erasmus University Medica
School in Rotterdam, Data will be
digitized and brought to Delft.

Another study undertaken concerns
silting and silt detection which is of
considerable importance to Holland with
its vast system of harbors and water-
ways., In the proposed system holes wil
be drilled at 1 km intervals. The locs
acoustic velocity of propagation will
be obtained from the core, and propa-
gation characteristics will be calcu-
lated. The results will be compared
with measured propagation from hole to
hole, Agreement will signify substan-
tially unvarying strata.

Passive air acoustic investigatior
are directed mainly toward traffic and
industrial noise control, One study
looks at propagation through the air
in the presence of wind and wind gra-
dients and uses numerical techniques.
Noise from buildings is examined and
a highly directive acoustic antenna
has been developed for this purpose,

It is 10 m in length and operates from
5$00-1000 Hz, giving a broadside beam-
width of about 2° at the highest fre-
quency. The beam can be steered elec-
tronically. The Acoustics Group in
Delft is unique in Holland and has al-
ready established itself in the field
of concert hall design and ultrasonic
medical diagnostics, (T.C. Cheston)

ANTENNAS, IMAGE PROCESSING, III-V's

AND OTHER EEE AT SEEFFIELD

The buildings may be old on the
outside, but a number of the laborator
on the inside are new and have the
latest in research equipment. Moreove
a lot of the research is very much up
to date., That's Electronic and Elec-
trical Engineering (EEE) at the Univer
sity of Sheffield,

In 1965, while I was delivering
some lectures at Sheffield, my very
gracious hosts were two individuals wh
were lecturers in EEE at that time:
Dr. F.A. Benson and Dr. P.N. Robson.

0

calculations to determine the originating When I returned to Sheffield recently,
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I was therefore returning to visit old
friends, for both Benson and Robson are
now grofessors and the senior persons
in the department. Benson, a Fellow
in IEEE, is head of the department and
also has been serving as dean of engi-
neering (an elected position). Robson,
who heads the research in solid state
devices, has spent time at Stanford Uni-
versity and is well known for contribu-
tions in the microwave solid-state
device area, The department has also
recently elevated Dr. G.S. Hobson, whose
field is circuits, systems and micro-
processor applications (and whom I did
not meet) to the rank of professor.
Sheffield, a city with a population
of about 600,000, lies at the foot of
the Pennines, the upland spine of north-
ern England, It is around 150 miles
northwest of London, in South Yorkshire.
(It was in Sheffield that I discovered
that Yorkshire pudding actually is not
a pudding, but is more like an American
popover, baked in the drippings from
roast beef,) The history of Sheffield
dates back 2,000 years to when it was
a Roman station. History buffs may also
remember that Mary Stuart, Queen of
Scots, was imprisoned in Sheffield
castle for 14 years. What caused the
city to become one of the leading in-
dustrial centers of England, however,
was metal working. There is evidence
that smiths and cutlers were active in
the Sheffield area as early as the 14th
century. The city eventually became
world renowned for its outstanding
cutlery. (Alas, it is now possible to
buy good imported cutlery in England
cheaper than can be manufactured in
Sheffield.) Sheffield plating (diffu-
sion of silver into copper) was invented
by Thomas Boulsover in 1742 and set the
standard for quality in metal utensils
for abort 100 years, until it was sup-
planted by electroplating processes.
The year 1742 also witnessed the inven-
tion of the crucible-steel-making
process by Benjamin Huntsman, in Shef-
field, Sir Henry Bessemer's process
of making inexpensive steel in large
quantities was first demonstrated in
Sheffield in 1856. Then, 58 years
later, the process of manufacturing
stainless steel was discovered there,
to be followed by the development of
a malleable type of stainless steel in
1935, 1In addition to continuing work
in the metal working industry, although
now at a reduced rate, the city has
paper mills, book binderies, and food
processing plants, and manufactures
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optical instruments, bicycles, chemicals,
and even snuff,

In the academic world, Sheffield
was on- of the first English towns
to provide secondary education. Uni-
versity College at Sheffield was
created in 1897; it received a charter
as the University of Sheffield in
190S.

The Faculty of Engineering of the
university is divided into the Depart-
ments of Chemical Engineering and Fuel
Technology, Civil and Structural Engi-
neering, Control Engineering, Mechan-
ical Engineering, and of course, EEE.
The enrollment fn EEE includes approx-
imately 250 undergraduates and 40
graduate students. While among the
undergraduates only 20% are foreign
students, most of the graduate students
are foreigners. (I have found this
to be typical of English universities.
This somewhat unbalanced situation
probably arises because British indus-
try has not encouraged students to
continue toward graduate degrees,)

As at other English universities,
the undergraduate program extends over
3 years, following 2 years of intensive
preparation in mathematics and physics
by students who have been previously
selected through the so-called O-level
examinations. Since throughout the
S5-year period instructions are limited
to principally technical courses, the
claim of many British professors that
a person graduating after 3 years has
reached a level somewhere between a
bachelor's and master's degree obtained
from an average American university
seems quite reasonable.

Research in EEE is in the areas
of (1) antennas, microwaves, ultrasound,
image processing and transmission
lines; (2) solid state devices; (3)
medical electronics; (4) electrical
machines; (5) computer applications
and computer-aided design; (6) circuits,
systems, and microprocessor applications;
(7) vacuum and plasma devices; (8) weed
control by electrical methods; and
(9) electro-coating. Areas (1) and
(2) are by far the largest, Research
in the first area is being performed
by what is now known as the Antennas,
Propagation, and Digital Image Proc-
essing Group (APDIP?, headed by Dr.
A.P, Anderson., The main theme of the
work of this group is long-wavelength
data acquisition, digital data proc-
essing simulating the parallel processing
schemes familiar to optics, and the
display of processed images and other
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distributions in forms which maximize
human interpretation. The group there-
fore combines the more traditional as
aspects of antennas and propagation with
an unusual emphasis on the complex field
data which grew out of holography. Prin-
cipal support for these efforts comes
from a grant from the Science Research
Council (SRC). Some examples of the work
recently or presentlz performed by the
group are described below.

(1) Microwave image filtering and
stereoscopic display. The imaging of
small objects using microwaves produces
pictures with a significant amount of
"noise" because of "background" reflec-
tions around the object, the specular
nature of the object, and system noise.
By the use of Fourier transform and
Fourier-domain filtering techniques
Anderson's group has produced stereo-
scopic displays in which the desired
image is much more clearly identified
because it appears either above or below
the plane of the noise,

(2) Three-dimensional target mapping
and image display by recording two-di-
mensional Fourier transforms from each
of three octagonal planes of data, using
a 2,25 m® scapning unit with automatic
scan control and data logging.

(3) Investigation of the properties
of superdirective signal-processing
aperture functions and aRplication
through long-wavelength holographic
imaging. This method of restoring essen-
tial features to a severely difffaction-
limited image has been applied to micro-
wave image enhancement and to the meas-
urement of the aberrations of large
microwave reflector antennas,

(4) Application of super-resolu-
tion techniques to time-domain reflec-
tometry, This is achieved by Fourier
transforming of a signal into the
frequency domain, weighting each fre-
quency component by a complex coeffi-
cient ¢f a suitable synthetic array
whose Fourier transform has a narrower
main beam than that of a uniformly
weighted array of the same size, and
simultaneously giving adequate frequency
side-lobe suppression,

(5) Location of buried pipes and
cables (metallic and nonmetallic)., Here
the soil is first characterized by
measurement of its complex permittivity
vs. frequency., The antenna of a radar
system is then matched to the soil,

In a typical result, plastic pipes

S ¢cm in diameter and 0,3 m apart at a
depth of 0.5 m have been resolved. The
technique makes use of depalarization
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of the radiation by cylindrical targets

(6) Development of new techniques
for prediction of antenna behavior fron
measurements in the near-field. The
method employs a synthesis approach
to obtain the plane-wave response of
an antenna by appropriately weighting
and summing near-field data.

(7) The application of the volume
hologram principle to antenna design
and digital image processing.

(8) A specific project to perform
large reflector antenna diagnostics.

(9) The development of an imaging
array configuration for quasi-real-time
underwater applications.

(10) A synthetic-aperture approach
for sonic mapping of the seabed.

Somewhat related to the above
techniques is the work of Dr, K. Barker
in the field of psychoacoustics.
Specifically, Barker is trying to de-
termine in detail how persons pinpoint
the location from which a sound
originates.

For years, Benson and his students
have measured propagation characteristi
of various transmission-line and wave-
guide systems., The present work in thi
area deals with the effect of leakage
from braided cables and modeling to
determine such factors as coupling
from one leaky cable to another.

Perhaps most notable among the
solid-state device activities is that
two years ago Robson received a grant
of £200,000 from SRC to set up a na-
tional facility for growing thin films
on III-V semiconductors. These SRC
Central Facility Laboratories have
recently been completed and III-V layer
growth by liquid phase epitaxy (LPE)
is now underway.

Among the projects in progress
in the area of solid state devices are
the following: (1) Transport and
growth studies in III-V compounds,

Ag an example, abrupt one-sided InP

P n junctions have been grown by LPE.
with cadmium as the p-type dopant.
Junctions of excellent characteristics
have been produced and used to perform
measurements of electron and hole
ionization coefficients in InP, (2}
Quaternary layers on lattice-matched
InP substrates of In,_4 Gax As,.x Py

have been grown by LPE across the
lattice-matched range. Measurements
are underway on the drift-velocity
electric-field dependence as a func-
tion of alloy composition, to see if
these materials offer advantages over
either GaAs or InP., (3) The growth

et
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of low-doped p- and n-type GaAlAs by
LPE is being studied and layers suitable

for microwave DOVETTs are being attempted.

(A DOVETT is a double velocity transit
time device invented by Robson.) (4)
Two techniques of groducing GaAs charge-
coupled devices (CCD's) are underway.
(5) The group has been fabricating
amorphous hydrogenated silicon by rf
sguttering of Si-in an a-hydrogen atmos-
phere, for possible use in solar cells.
Studies of conductivity, optical absorp-
tion, activgtion energy, solar-cell
performance, rectification ratio, hydro-
gen evolution, and studies of steady-
state luminescence and decay as well

as other measurements have been performed
for materials with a wide range of param-
eters, Solar cells of 30 cm® have been
fabricated with open-circuit voltages

of 600 mV, (6) There are studies under-
way to produce amorphous GaAs with
techniques similar to those used for
silicon. (7) The production of optical
waveguides by deposition of metallic
Schottky barrier stripes evaporated

on GaAs has been demonstrated and these
waveguides are being investigated. (8)
There are studies that deal with compu-
ter modeling of semiconductor devices

of various types. (9) The group has
detected narrow-band infrared radiation
in thin film parallel plane chalcogenide
devices when they are switched to the
ON-state and believes that stimulated
emission is responsible for this radia-
tion.

Among the medical-electronics ef-
forts carried on by Dr. I.L. Freeston,
together with Prof. M.M. Black and others
of the University Medical School, is
an analysis of respiratory wave forms
for infants, to observe possible dete-
rioration in premature babies and also
as part of studies into the causes of
cot-death, Freeston has also been
trying to measure the distribution of
conduction velocities in nerves and,
during the time of my visit, was ini-
tiating work in stimulating nerves b,
time-varying magnetic fields., Other
work by Freeston deals with the use
of microprocessor systems in intensive
care units, to derive such parameters
as the maximum rate of change of blood
pressure during a heartbeat and other
measurements of value in determining

atient conditions. Finally, Freeston
as started a new Kroject aimed at using
unconventional methods for communicating
audio information to deaf people.

In the research dealing with elec-
trical machines sufficient progress has
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been made in the steady-state analysis
of motor dynamics to permit negotiations
with Crouzet, a French company that
wishes to utilize some of the results
of these analyses to improve their
motor designs. There has also been
considerable work on the redesign

of permanent magnet systems in motors
and generators. One result of this
work was the successful redesign of

an air turbogenerator which boosted
the output from 50 W to 400 W in the
same frame size.

Among the work in co:guter appli-
cations has been the assembly of a data
bank for qualified electronic components
approved by the military. As many as
15,000 distinct components or component
groups have been characterized and
stored in the data bank.

Among the other projects that came
to my attention during the visit was
an effort aimed at killing fungi but
not necessarily bacteria in soil by
the use of microwaves of critical
intensity and power level and an attempt
to kill weeds by electric current.

With regard to the latter project, a
machine is presently being designed
that will travel at 2i-3 mph, will have
a power capacity of 40 kW, and will
treat 23 rows of sugar beets at one
time by killing the weeds in the rows
electrically through contact. Finally,
under a grant from the Wolfson Founda-
tion, a team is investigating various
aspects of electrocoating in chrome-
rich solutions.

In summary, it can be stated that
EEE at Sheffield is engaged in inter-
esting work by a staff that appeared
very enthusiastic, Rather than influ-
encing members of the department to
work only where he would like them to
work, Benson appears to let capable
individuals develop their own inter-
ests, As a result, and under his
guidance EEE has prospered and is
a most active department. (Irving
Kaufman)

PROFESSOR LUEG OF AACHEN'S INSTITUTE
OF _ELECTRONTCS

My host for a recent visit to the
Technical University of Aachen was
Professor Lueg, the dynamic head of
the University's Institut flir Technische
Electronik. The University moved re-
cently to a large, new, modern compound
just outside town. From Lueg's window
one has a beautiful view and can see
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right across the nearby borders to where
Holland, Belgium, and Germany meet.

His institute is one of five that are
substantially autonomous, all within
the Electrical Engineering Department.
Altogether, there are some 2,500 elec-
trical engineering students at the uni-
versity, taking classes at any or al:
of the institutes. Studants attend the
university free. They are not required
to actually attend classes, a2xcept lab-
oratory sessions, but they do have to
take examinations that cover the whole
range of work and are allowed to resit
an examination only once. On the aver-
age it takes about 6 years to obtain
the title Dip. Ing.

In Lueg's institute there are 40
people involved in research, including
16 doctoral candidates. Funding is
obtained mainly from outside agencies
and Lueg has been able to get adequate
support with about 85% coming from the
various government ministries and the
rest from industry. His lecture notes
on impulse technology were first printed
in book form in 1964 The fourth edi-
tion of the notes has been in print
since 1978 and contains much additional
material.

The senior member on Lueg's staff
is Dr, C. von Winterfeld, who also runs
a division at FGAN, a civilian research
institute near Bonn, described in a re-
cent volume of these notes (ESN 34-6:274).
Von Winterfeld is about to publish a
book on propagation of electromagnetic
waves, ere, as at FGAN, he is heavily
involved in similar aspects of conformal
phased-array research., The 3-D (crow's
nest) antenna, mentioned in the ES¥N ref-
erence, was started at Aachen. It is
a sphere, randomly populated by 39 loop
radiators, and represents an extreme
example of a thinned phased-array.

Perhaps it is the vision of treasure
hunting that the following evokes, but
to me, the most interesting of Lueg's
endeavors was what he called his "earth
radar': a radar to search below the
earth's surface for treasures of old.

An ol1d culture on the island of Santorin,
north of Crete, was destroyed bya volcanic
eruption, probably at the same time that
Crete was destroyed. The island was
deeply covered with ash, and it is hovned
that the radar may be able to look
through the ash and locate old structures
as far as 10 m below the surface. Mr.
Lotfi, who is working on this project

is presently trying to devulgg a aatcﬂed
radiator for this purpose, e system

will transmit a 1 nsec-wide delta func-
tion (a dc pulse) and hopefully will

be matched ove. a 10 to 1 band from

1 GHz down to 100 MHz, The antenna

has not been defined as yet but an
exponential horn-type radiator, without
side walls, looked promising and was

fed directly from a coaxial cable., The
equipment would be a present to the
Greek government from the German govern-
ment through the Ministry of Research
and Technology. The methed of processing
is uncertain as yet, but it may be re-
lated to holographic systems as employed,
for example, in fields as far apart

as oil exploration and nondestructive
testing. It was hoped that some viable
experiments might be started in summer
1980, and I wish this exciting adventure
the best of success,

Research work on phased-arrays
was started by Lueg in about 1966.
PIN-diode phase shifters were investi-
gated then. Later, von Winterfeld
analyzed phased-array edge effects both
analytically and experimentally. The
radiating elements of a phased-array
are closely-spaced and mutually-coupled,
This makes matching difficult, especially
with scanning, when deliberate changes
in phase between elements are introduced,
and even more so near the edge, where
the element impedance changes. One
very effective technique for assessing
the impedance match of an array is to
measure the radiation pattern of one
element with all surrounding elements
resistively terminated. Von Winterfeld
used this technique to investigate edge
effects with an experimental 63-element
line array where the elements were
spaced by half a wavelength., The array
aperture could be arbitrarily reduced
in size by covering elements with a
sheet of metal, .’ lement radiation
patterns of an a._ray having one, three,
five, or more elements were obtained
in this way for comparison, to study
the effects of edges., It was found
that the pattern did not change sub-
stantially when the array had nine or
more elements, suggesting that, in that
case at least, edge effects extended :
some two wavelengths,

Phased-array matching was studied
by Dr. Ing. V. Riech, Impedance matching
over wide scan angles is normally
achieved with structures at the array
aperture but such matching is also pos-
sible by introducing suitable coupling
networks that interconnect the feedlines.
One such network was derived by Riech
and confirmed experimentally with a nine-
gle::nt linear array with waveguide

eeds,
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1 was introduced to two assistants of
Lueg, G. Zeehausen and Martin Malkomes;
both are doctoral candidates., Zeehausen
is working on 8 conformal phased-array
system, He has studied the mutual
coupling effects between two waveguide
radiators on a sphere both theoretically
and experimentally. It is planned to
extend this work to include many radia-
tors. At this time he is working on

an active system and showed me an ex-
perimental X-Band model. It consists

of 27 radiating elements on the equator
of a sphere, A 1:3 switch selects one
of the three adjacent groups of nine
elements, Each array element uses a
Gunn ‘diode as amplifier, giving about
100 mWN of power and a nominal gain of

15 dB, Analog-phase corrections are
obtained with a veractor that varies

the load on the Gunn diode. Only

£90° of phase adjustment is possible
but this is adequate in the system for
beam forming and for a moderate amount
of scanning. Scanning is mainly achieved
by switching the aperture over the
sphere, using only a fraction of the
elements at a time. There are some
sroblems of temperature sensitivity
still to be overcome,

Malkomes is working with printed
zircuit radiators., This type of antenna
is receiving much attention at this
time, It can be produced cheaply and
iccurately by printing on circuit boards,
ind, being quite thin and flat, it has
1 good form factor for many applications,
{alkomes is concentrating on shaped,
srinted patches, many of them rectangular
)r square, fed from a strip-line on the
same surface as the patch. He is working
it X-Band and uses a board i mm thick.
fe is investigating the input impedance
‘or different feed geometries, as well
1s searching for optimal ways of control-
ling the radiated polarization.

A corridor at the university has
reen converted into an anechoic chamber.
't has an unusual shape, being rather
.ong and narrow, but clever design using
ruttresses has avoided the possibility
»f first-order specular reflections.

‘he microwave-absorbing material that
.ines the room is from Hartman and
irlin;weig in Germany.

The visit was interesting and en-
oyable., It was impressive to see how
ueg's vigor was reflected throughout
he institute, (T.C. Cheston)

SEMICONDUCTORS AT T.H. AACHEN

A recent visit to Aachen (FRG) il-
lustrated clearly to me ..oW generously
Germany is supporting universities
and research. It also demonstrated how
one plus one can be greater than two.
For the joint efforts of Prof. Dr. P,
Balk, a physical chemist, and Prof. Dr.
H. Beneking, an electronics engineer,
have resulted in a most productive
research endeavor in the field of
semiconductor technology and device

research. I believe that their combined

achievements have been more than twice
as productive as either would have
accomplished without the other. Their
organization is the Institut filr Hal-
bleitertechnik (IfH-Institute for
Semiconductor Electronics) of the
Rheinisch-Westfilische Technische
Hochschule Aachen (THA-Technical Unmi-
versity of North Rhine—Westphalia
Aachen). Another productive semicon-
ductor group in THA is the Institut
f0r Theoretische Elektrotechnik (IfTE—
the Institute for Theoretical Electro-
technology), headed by Prof. Dr. W,
Engl. (The designation is something
of a misnomer, for IfTE is actually

an integrated circuits facility.)

THA was founded in 1870 as the
first Prussian technical university;
it has awarded doctor's degrees since
1898, (These degrees are generally
written as "Dr. rer.-nat.") THA now
has over 200 “"institutes" and profes-
sorial chairs, The total student en-
rollment numbers clcse to 28,000. Of
these, about 6,000 are in liberal arts,
3,000 of these in education; the rest
are in technological fields. About
2,500 are foreigners, The university
recently consolidated its . facilities
by moving to a large, new campus at
the edge of Aachen, very near the
border between Germany and The Nether-
lands,

Some interesting aspects of the
university are that only recently, in
1966, did it acquire a faculty of
medicine, and that the hospital/medical
school for this faculty is presently
being built at a cost that was quoted
to me to be of the order of 1.3 to 1.4
billion marks (approximately 7S50 mil-
lion dollars). Another interesting
fact is that constructioh at THA is
in line with a government regulation
now in force that it must be possible
to see daylight in all new public
buildings. As a result, I saw no blank

walls or windowless towers on the campus.
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Although universities in Germany
receive a lot of their research support
from the federal government, they are
funded for building and instructional
purposes by the state of the Federal
Republic in which they are located.

THA is in North Rhine—Westphalia.

IfH is one of the institutes of
the Electrical Engineering Department
(EE) of THA, There are approximately
2,100 students in EE, all working towards
their first degree, the Diplom. Formal
study for the Diplom requires a period
of at least 5 years; the majority of
students actually take 6 or more years
to complete the program. According
to Balk, my principal host, several
professors have suggested that the time
required to obtain the degree be
shortened to be comparable to corre-
sponding programs in the US or UK,

So far, however, the faculty has resisted
such a change. Since the amount of
work required for the Diplom is approxi-
mately equal to that of an MS degree

in the US, reports from the university
that appear in English refer to the
Diplom as a master's degree. This is
quite reasonable, not only because of
the long period of enrollment that is
necessary but also because every Diplom
student must present the equivalent

of a master's thesis or report in order
to qualify for graduation. The report
must be prepared following researc

or development carried out on a full-
time basis during a large portion of
the final academic year.

Approximately 15% of the EE grad-
uates continue their work toward the
Dr. rer.-nat. Such persons are not
generally considered students, however,
for there is no formal course work for
the Dr. rer, nat, Instead, they work
as full-time employees of the university
under a G-year contract and are paid
a reasonable salary. A figure quoted
to me as "reasonable" was an annual
stipend of DM 35,000, wvhich translates
into a figure just below $20,000, (Be-
cause the cost of living in Germany
is higher than in most places in the
United States, these figures do not
tell the comﬁlete story.) If a person
has been working diligently during the
6 years but has not completed his work
for the Dr, rer. nat., it is quite
gossible that another 6 years might

e authorized, While considering salaries,
it may be of interest to note that a

full professor receives on the order
of DM 100,000 per year, and can look
forward to receiving 87% of this figure
after retirement.

An interesting attitude prevailing
in Germany, according to my hosts, is
that engineers are looked upon with
more respect than are pure scientists,

The Electricel Engineering Depart-
ment of THA is headed by a dean. Unlik
his counterparts in US universities,
the dean at Aachen is principally a
business manager with very little power
for the right to do virtually as one
pleases is delegated to a professor
directly by the state, The fields of
electrical engineering at THA are
general engineering, communications,
power, nuclear engineering, computer
engineering, and solid state electronic:
My visit was limited to the two insti-
tutes that specialize in solid state
electronics, i.e., IfH and IfTE,

It is the function of the insti-
tutes of THA not only to perform resear:
or development, but also to organize
and teach courses. Balk offers a course
in solid-state technology, another in
thermodynamics and phase equilibria,
as well as courses on reactions of
solids, surfaces, and various specialtie
such as gallium arsenide technology.
Beneking gives several courses dealing

_with transistors and circuits plus

a seminar on the fabrication

of submicron structures. Prof, Dr. D.
Bimberg, who joined IfH only recently,
offers courses in material characteriza-
tion and ghysical analysis of solids.
IfH also has occasional visiting pro-
fessors, Prof, Dr. N, Klein of the
Technion, Haifa, Israel, was with IfH
in this capacity at the time of this
writing.

IfH has an impressive array of
equipment—certainly several million
dollars worth, Examples are standard
x-ray equipment, clean rooms, chemical
and photolithography rooms, furnaces
for semiconductor processing, equipment
for secondary ion-mass spectroscopy
(SIMS), electron spectroscopy for
chemical analysis (ESCA), Auger spec-
troscopy, a scanning electron microscope
(SEM) for E-Beam lithography, an SEM
with energy analysis (for microprobe
applications), and a 350 keV ion im-
planter. A unit for performing molec-
ular-beam epitaxy (MBE) has recently
been ordered. Grants for operating
IfH are given on a 3-year basis. The
last major grant (from the German Re-
search Foundation DFG) was approved
for DM 3 million (1 2/3 millgon dollars)

In addition to this, Beneking has an
another contract from the Ministry for
Research and Technology (which spends

a total DM 6 billion annually in
various institutions).
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There are 19 acaderic positions
in IfH., This includes the chairs for
the 3 professors. A large percentage
of the remining 16 will eventually
receive the Dr, rer. nat, Every Dr. rer.
nat. candidate is assisted by at least
one Diplom candidate,

Beneking's work deals with micro-
wave and opto-electronic devices and
their characterization, Balk's with
materials and process technology. One
objective of the work of Balk is the
fabrication of high-speed, microstruc-
ture, metal-insulator-semiconductor (MIS)
devices processed at a low temperature.
He has also worked extensively on non-
volatile information (i.e., charge)
storage in the semiconductor configura-
tions MNOS, MAOS, MNAOS, (Here letters
designate the layer order. For example,
MNAOS is a structure made of layers of
metal, silicon nitride, sluminum oxide,
silicon dioxide, and silicon, respec-
tively,) He has also been heavily en-
gaged in gas phase epitaxy, the kind that
could be scaled up to mass production
of semiconductor devices,

Another way of classifying the work
of IfH is into the areas of electronics,
I1I-V semiconductor technology and de-
vices, silicon technology and devices,
material characterization, and micro-
structure fabrication,

The work in IfH can be divided into
35 or more different projects. Since
it is not possible to cover all of these,
I mention a few representative problems
here. Under "electronics," for example,
a group has been working on dual-gate GaAs
MESFET oscillators and self-oscillating
mixers—work which has resulted in the
design of X-band receivers with an inte-
grated GaAs circuit. A considerable ef-
fort has been spent on time and frequency
domain measurements of various opto-elec-
tronic devices. Another item has dealt
with investigating Gunn oscillations in
GaAs epilayers for FETs. (They were found
to be suppressed in most FET structures.)
In the "technology™” area a project has
dealt with chemical vapor deposition
of Al1GaAs, Based on a detailed analysis,
it was concluded that the deposition of
AlGaAs of device quality at practical
temperatures is only possible if the
source reaction is almost complete.
Consequently, efforts were made to bring
the source reaction as close to equilib-
rium as possible. This has given rise
to a new source design of 15 cm total
height, with which is was possible to
deposit films with up to 80% Al concen-
tration at deposition temperatures

384
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of around 750°C and source temperatures
below 800°C. Another project has in-
volved chemical vapor transport of GaAs
with bromine. Results have yielded
epitaxial films of excellent surface
quality except at very high super-sat-
uration, when etch pits where formed
during growth.

Another study in progress deals \
with low-pressure GaAs deposition :
techniques, where the potential advan- }
tage compared with atmospheric pressure
systems is that the increased diffu-
sivity of the gas species a: low total
pressure is expected to minimize non-
uniformities in growth rate and doping
across large wafers. An interesting i
feature of the design of a system under
study is low transduction in the gas
flow direction but high transduction
perpendicular to the melt surface.

Among other endeavors in the areas
of current semiconductor-device researct
are projects involving epitaxial depo- ;
sition of InP and related mixed crystals
injection lasers, electron-beam annealir
charge storage in insulating films,
ion implanted devices, basic studies
of carrier lifetime, and such micre-
structure work as dry etching and
ultraviolet lithography—all in all
an impressive amount of up-to-date
work,

While IfH concentrates on basic-
device and process-technology studies,

Engl and his colleague, Prof. Dr. J.
Mucha of IfTE, have developed their
institute into a silicon integrated
circuit (IC) facility capable of IC

rotot development for industry.

Engl who sxent a semester at the Uni-
versity of Arizona some time ago, told
me that he remains in close contact
with colleagues in Arizona, especially
at Motorola, Phoenix., A brief tour

of his facility showed that he has been
very successful at obtaining up-to-date
equipment, This includes such appa-
ratus as Mann light pattern generators,
s 200 keV ion implanter, and virtually
all the other equipment seen in a
sophisticated industrial IC laboratory.

Engl's laboratory is divided into
4 sto s: IC Technolog;e(for bipolar
an S), IC Circuit Design, Device
Modelling and Circuit Analysis, and
Testing., Staff members believe it is
their mission to be idea and prototype

ersons for industry. They originate

deas, build the IC's that develop from
these, then transmit the ideas and the
circuit designs to industry. Thus,
while they receive funding from the
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federal government, a large amount of
the financial support comes from indus-
try.

In response to my request for an
illustration of the type of circuits
that have been developed, the staff
described an IC switching circuit with
a specified amount of cross talk.

I found it of interest that some
parallel work was in progress at IfH
and IfTE, For example, both groups are
working in low-pressure epitaxy; both
are working toward devices of ultrafine
geometry, Obviously, both have the
equipment for working on these tasks,
However, while this may seem to be dup-
lication of effort, based on the recent
output from these institutes and the
present emphasis on semiconductor tech-
nology, the funds spent for semiconduc-
tor R&D at Aachen appear to be well
spent, (Irving lauglan)

MATERIALS
SCIENCE

COATINGS TECHNOLOGY AT THE CHEMICAL
CORGRESS - =

The 1980 Annusl Chemical Congress
which was jointly sponsored in the UK by
the Chemical Society (CS) and the Royal
Institute of Chemistry (RIC) was held
9-11 April at the University of Durham.
This was the last congress to be sponsored
by the CS and RIC since the two organiza-
tions have been combined into the Royal
Society of Chemistry with Sir Edward
Jones as President Designate. As in past
congresses, there were sessions on physi-
cal, analytical, organic, and industrial
chemistry. This report covers the indus-
trial session which was devoted to coat-
ings, mostly organic coatings, and coating
technology. It was organized by Dr.
James Feast (Univ, of Durham). No pre-
prints or proceedings were published for
the conference. The subject matter, like
most industrial topics, is highly inter-
disciplinary, a fact which makes it dif-
ficult to achieve a coherent meeting and
to develop good discussion of the presen-
tations. e participants, who include
scientists, engineers, and technologists,
ofter find it difficult to understand
one another's specific problems and
points of view. Not infrequeatly, the
most useful part of such meetings are
the conversations that develop between
sessions., This interaction was aided
in the Durham Conference by having the
participants housed in university dormi-

tories, each of which had its comfort-
able pub for serious shop talk during
the evening.

The presentations were a mix of
review papers and reports on new research
and technology. Dr. David H. Kaelble
(Science Center, Rockwell International,
Thousand Oaks, CA) offered a somewhat
philosophical overview of the adhesion
of polymer coatings. He noted that
the theories of adhesion tend to fall
into two categories: continuum, and
short-range interaction theories. The
continuum point of view emphasizes the
mechanics of coating adhesion: bond
strength, fracture toughness, etc.

The surface chemistry theories of adhe-
sion, on the other hand, tend to empha-
size short-range intermolecular inter-
actions at the interface. In Kaelble's
view, the mechanics and the surface
chemistry of adhesion cannot be separ-
ated, and moreover, any comprehensive
theory must include the time-dependent
(rheological) aspects of polymeric
coatings. As he pointed out, all of
these factors come into play in any
evaluation of the environmental durabil-
ity of coating adhesion. Accordingly,
through surface energetics and fracture
mechanics arguments, Kaelble has been
able to predict the effects of aging
and water exposure on the bond strength
of adhesive joints.

Another of the review papers was
given by Prof. Manf